Résumé. 2014 Une approche morphologique est proposée pour étudier la dynamique des paysages naturels à partir d'images satellite. Les milieux étudiés connaissent tous une évolution importante due à des facteurs géologiques ou climatiques. Afin de cartographier les éléments du paysage, témoins de cette dynamique, nous mettons en 0153uvre des méthodes basées sur les filtres morphologiques. Abstract. 2014 A morphological approach is proposed for the study of natural landscapes from satellite images. The environment under study is affected by recent evolution due to geological and climatic events. Image processing based on Morphological Filtering is used in order to extract and map the landforms which are the marks of change of the environment.
Introduction
Vegetal and mineral landscapes are continuously transformed during recent periods. Their shapes are modified under the action of internal phenomena such as tectonic and volcanism or external ones, such as climate stress, erosion, or anthropic action. The origins of some landforms may be deduced from their shape: directions and intensity of winds may be deduced from orientation of sand dunes, as main tectonic activity from the morphology of geological structures, intensity of dryness from the discontinuity of vegetation cover in arid lands. Classically, photo interpretation on airborne photographs and nowadays image analysis on spatial image are of crucial help to identify and measure the specific shape of these landforms. The concepts and methods of Mathematical Morphology [1] are used in this work to delimit shape entities that are thematically significant from the grey tone images. A geodesic dilation is performed with these markers. This procedure eliminates rectilinear entities with quite different orientation than that of the faults (Fig. 2 ).
On radar images such as SAR ERS-1 ones, the slopes of topographic features (facing the antenna) are responsible for strong echoes with the greatest amount of reflection occurring when the local slope is perpendicular to the radar beam. Then, abrupt scarps of recent faults with face radar illumination, can be then considered as creating conditions for such a foreslope brightening. A detail of SAR image of the Atacama fault (Northern Chile) is shown in Figure 3 . The features to extract correspond to sharp white continuous lines on the image. It is yet necessary to reduce the speckle noise of the original image. This is achieved here by a connected filter (Fig. 4) which is a built according the same principle than the center filter proposed by Serra [4] to eliminate noise from grey tone images called the connected center filter ¡Je [5] . Given the two filters Îe and .pc which are respectively an opening and a closing by reconstruction, the centre ¡Je between Je and ge is defined as follows:
where Jc = 'Pcrc'Pc and gc = 03B3c~c03B3c.
The white lines are then easily extracted from a whole ERS-1 subscene of the fault (Fig. 5) by a high thresholding. The white components still remaining on the image being thinner than the object to extract are eliminated by a geodesic reconstruction, while thicker ones are eliminated after a labelling (Fig. 6 ). These techniques are used to detect faults in active tectonic regions from satellite images produced by optical or microwave instruments. Filters based on reconstruction are still time consuming when utilized on entire satellite scenes (6 000 x 6 000 pixels) and may take hours when implemented with a sequential algorithm, when top hats are processed in few minutes on the same surface.
Mapping of Dunes in Desertic Zones
The northeastern part of the Great Western Erg (Algerian Sahara) is an area with a continuous cover of coarse sands organized in alignments of large domes separated by corridors where deflation prevails. The aim of the study was here to map automatically deflation zones from SPOT Panchromatic images (Fig. 7) , to know about the direction of the winds responsible of this deflation corridors [6] . The whole mapping is coming from the delimitation of the seifs (small dune shapes). The grey level of their edges facing the sun is very high. Their detection is then possible by the means of a white top hat (Fig. 8) The binary image obtained by thresholding with an upper limit corresponds roughly to the set of deflation areas (Fig. 9) Figure 11 , where a SPOT subscene which corresponds to a square of 30 km on the ground is shown. The resulting map (Fig. 12 ) allows one to distinguish akle areas (in black), with fine and ,unstable sands, [1] computed from the whole binary image (Fig. 14) . The optimal size for the sliding window was then 100 pixels (that is 3 kilometers on the ground). By this way, each pixel is described by n parameters g(n) corresponding to the value of the granulometric density obtained at step n. The grey tone image of g(l) is shown in Figure 15 . The pixels are then classified according to these N variables g(n), by a k-means classification. The result obtained with 7 classes is presented in Figure 16 . Another experiment has been done from an extraction of a SPOT image of the region of Bidi (Northern part of Burkina Faso) in the Sahel. As the variation of the size of the spots of vegetation were not so big, we zoomed three times the binary image obtained from a thresholded Normalized Vegetation Index (NDVI) (Fig. 17) . The result of the whole process is presented in Figure 18 , where the original image (in black) is surimposed over the final map (in grey tones). In arid regions, ligneous vegetation is often the only resource for breeding and heating for rural societies. One of the aim of these mapping techniques is then to survey the state of ligneous resources from repetitive observations given by satellite images.
